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,QWURGXFWLRQ
7HFKQLFDOHFRQRPLFDQGHQYLURQPHQWDODVSHFWVRIGLVWULFWKHDWLQJDQGFRROLQJDUHEHLQJVWXGLHGLQVFLHQWLILFSDSHUV
PRUHDQGPRUHRIWHQ>@6SHFLDODWWHQWLRQLVJLYHQWRHIILFLHQF\RIGLIIHUHQWWHFKQLFDOVROXWLRQVDWDOOGLVWULFWKHDWLQJ
VWDJHV±DWKHDWVRXUFH>@DWKHDWQHWZRUN>@DQGDWHQGXVHUV>@7DUJHWVIRULPSURYHPHQWRIHQHUJ\HIILFLHQF\DUH
VHWDWWKH(XURSHDQ8QLRQ(8OHYHO>@DQGWKH\DUHVXSSRUWHGLQHYHU\FRXQWU\ZLWKURDGPDSV,Q/DWYLDHQHUJ\
HIILFLHQF\VWUDWHJ\SURYLGHVPHDVXUHVDWKHDWHQGXVHUVDQGDWHQHUJ\FRQYHUVLRQVHFWRU>@/DUJHVWHQHUJ\HIILFLHQF\
SRWHQWLDOFDQEHIRXQGLQGLVWULFWKHDWLQJV\VWHPVDSDUWPHQWEXLOGLQJVPXQLFLSDOEXLOGLQJVDQGSXEOLFLQVWLWXWLRQV
ZKLFKDUHDOVRSDUWRIGLVWULFWKHDWLQJV\VWHPV
(QHUJ\HIILFLHQF\LVDFFHQWHGDVRQHRIWKHPRVWLPSRUWDQWIDFWRUVLQWKHFRQFHSWRIWKJHQHUDWLRQGLVWULFWKHDWLQJ
*'+>@%DVHGRQ WKHFRQFHSW UHQHZDEOHHQHUJ\DQGH[FHVVKHDWDUHXVHGDW WKHKHDWVRXUFH0RVWFRPPRQ
UHQHZDEOHHQHUJ\VRXUFHVE\GLIIHUHQWDXWKRUVDUHKHDWSXPSV>@ELRPDVVFRJHQHUDWLRQ&+3SODQWV>@DQGVRODU
FROOHFWRUVZLWKVHDVRQDOVWRUDJH>@$OOWHFKQRORJLFDOVROXWLRQVZKLFKDUHLPSOHPHQWHGLQGLVWULFWKHDWLQJV\VWHPV
KDYHDKLJKHQHUJ\HIILFLHQF\OHYHO>@(YHU\(8FRXQWU\KDVLWVRZQLPSOHPHQWDWLRQUDWHIRUUHQHZDEOHHQHUJ\
WHFKQRORJLHV'HQPDUNKDVWKHPRVWDPELWLRXVWDUJHW±UHQHZDEOHHQHUJ\E\\HDU>@0DQ\VFLHQWLVWV
LQWKH(8DUHPRGHOLQJGLVWULFWKHDWLQJV\VWHPVWRGHWHUPLQHKRZKLJKDUHQHZDEOHHQHUJ\VKDUHZLOOEHERWKLQWKH
VKRUWDQGORQJWHUP>@
,PSOHPHQWDWLRQRIUHQHZDEOHHQHUJ\ WHFKQRORJLHV LQGLVWULFWKHDWLQJV\VWHPV LVQRWDQHDV\RUVWUDLJKW IRUZDUG
SURFHVVEHFDXVHLWFRPHVZLWKPDQ\GLIIHUHQWEDUULHUV>@ZKLFKFRXOGEHWHFKQLFDOHFRQRPLFVRFLDOSROLWLFDORU
HQYLURQPHQWDOLQQDWXUH
7KHUHDUHPDQ\VWXGLHVDERXWLPSOHPHQWDWLRQRIUHQHZDEOHHQHUJ\WHFKQRORJLHVLQGLVWULFWKHDWLQJEXWWKHUHDUH
QRWVRPDQ\VWXGLHVDERXWEDUULHUV WKDWDULVHZKHQLQWHJUDWLQJUHQHZDEOHWHFKQRORJLHV LQV\VWHPV7KHDLPRI WKLV
UHVHDUFKLVWRXVHV\VWHPG\QDPLFPRGHOLQJWRGHWHUPLQHSRVVLEOHGHYHORSPHQWVFHQDULRVIRUGLVWULFWKHDWLQJLQ/DWYLD
ERWKLQWKHVKRUWDQGORQJWHUPEDVHGRQLPSOHPHQWDWLRQRIWKH*'+FRQFHSW6\VWHPG\QDPLFPRGHOZLOOEHXVHG
WRGHWHUPLQHZKHWKHULWLVSRVVLEOHWRLQFUHDVHWKHUHQHZDEOHHQHUJ\VKDUHE\LPSOHPHQWLQJSROLF\ZKLFKLQFUHDVHV
HQHUJ\HIILFLHQF\ ,QDGGLWLRQ WRUHQHZDEOHHQHUJ\VKDUH WKHDLP LV WR ILQGPHDVXUHVZKLFKFRXOGKHOS WR UHPRYH
EDUULHUVWKDWSUHYHQWLPSOHPHQWDWLRQRIUHQHZDEOHHQHUJ\WHFKQRORJLHV
0HWKRGRORJ\
6\VWHP G\QDPLF PRGHO ZDV GHYHORSHG LQ ³3RZHUVLP 6WXGLR ´ VRIWZDUH 7KH PRGHO ZDV GHVLJQHG WR VWXG\
LPSOHPHQWDWLRQRI*'+6\VWHPG\QDPLFPRGHOFRQVLVWVRIVHYHUDOSDUWVLQFOXGLQJKHDWVRXUFHKHDWWUDQVPLVVLRQ
DQGKHDWHQGXVHUDQGLWFRQVLVWVRIPDQ\VWRFNVIORZVDQGIHHGEDFNLQWHUDFWLRQVDQGKDVEHHQSUHVHQWHGLQ>@
7KHPRGHO¶VKHDWVRXUFHSDUWFRQVLVWVRIVHYHUDOSRVVLEOHKHDWSURGXFWLRQWHFKQRORJLHV±JDVFRPEXVWLRQERLOHUV
DQGELRPDVVFRPEXVWLRQERLOHUVERWKRIZKLFKDUHFXUUHQWO\XVHGLQ/DWYLDQGLVWULFWKHDWLQJDVZHOODVVRODUFROOHFWRUV
ZLWKVHDVRQDOVWRUDJHDQGKHDWSXPSVZKLFKDUHFRQVLGHUHGDVIXWXUHGLVWULFWKHDWLQJWHFKQRORJLHV2WKHUKHDWVRXUFH
WHFKQRORJLHVFRXOGEHDGGHG WR WKHPRGHO7KHKHDWVRXUFHSDUWJHQHUDWHVGHWHULRUDWLRQRI WHFKQRORJLHVDVZHOODV
LQVWDOODWLRQRIQHZFDSDFLWLHVIRUWHFKQRORJLHVZKLFKUHVXOWVLQDJUDGXDOVKLIWIURPRQHWHFKQRORJ\WRDQRWKHU7KH
LQLWLDOWHFKQRORJ\FDSDFLW\LV0:IURPZKLFKDUHJDVFRPEXVWLRQERLOHUVEXWDUHELRPDVVFRPEXVWLRQ
ERLOHUV6RODUDQGKHDWSXPSVKDUHLVWDNHQ7RWDOFDSDFLW\DQGGLVWULEXWLRQFRPHVIURPDFWXDOVLWXDWLRQLQ
/DWYLDQGLVWULFWKHDWLQJERLOHUKRXVHV6KLIWIURPRQHWHFKQRORJ\WRDQRWKHULVEDVHGRQHFRQRPLFUHDVRQVDQGWKH
PDLQLQGLFDWRULVWKHKHDWWDULII7HFKQRORJLHVIRUZKLFKVHUYLFHOLIHKDYHFRPHWRDQHQGDUHUHSODFHGE\WKHRQHV
ZLWKWKHORZHVWKHDWWDULII,QVWDOOHGDPRXQWLVGHVFULEHGE\ORJLFDOIXQFWLRQ>@0RUHVLPLODUKHDWWDULIIVIRUGLIIHUHQW
WHFKQRORJLHVPRUHHYHQO\LQVWDOOHGFDSDFLW\LVVSUHDGEHWZHHQWHFKQRORJLHV
+HDW WDULII LV PDGH EDVHG RQ KHDW WDULII FDOFXODWLRQ PHWKRGRORJ\ FRQILUPHG E\ WKH /DWYLDQ 3XEOLF 8WLOLWLHV
&RPPLVVLRQ 38& >@ ,W LQFOXGHV IXHO FRVWV DQG ORDQ UHSD\PHQWV WKHUHE\ FRQVLGHULQJ DQG FRPSDULQJ PRVW
LPSRUWDQWFRVWVIRUGLIIHUHQWKHDWSURGXFWLRQWHFKQRORJLHV
6\VWHPG\QDPLFPRGHO DOVR LQFOXGHV KHDW ORVVHV  ORZWHPSHUDWXUH QHWZRUNV DVZHOO DV FKDQJHV LQ KHDW
GHPDQGIURPHQGXVHUVVLGHEDVHGRQKLVWRULFDOGDWD)RUHFDVWVIRUWHFKQRORJ\FRVWVIXHOFRVWVHOHFWULFLW\FRVWVDQG
KHDWGHPDQGFRPHVIURPKLVWRULFDOGDWD>@DVZHOODVIURPRWKHUUHVHDUFKHUV>@
 
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7KLVDUWLFOHSURYLGHVDORRNDWKRZHQHUJ\HIILFLHQF\SROLF\DIIHFWVIXQFWLRQLQJRIGLVWULFWKHDWLQJDQGEULQJVWKH
V\VWHPFORVHUWRWUDQVLWLRQIURPFXUUHQWV\VWHPWRDWKJHQHUDWLRQGLVWULFWKHDWLQJV\VWHP)RUWKLVUHDVRQWKHV\VWHP
G\QDPLFPRGHOLVFRPSOHPHQWHGZLWKHQHUJ\HIILFLHQF\SROLF\ZKLFKIRFXVHVRQLQFUHDVLQJHQHUJ\HIILFLHQF\DWWKH
KHDWVRXUFH
7DEOH(IILFLHQF\FKDQJHIRUWHFKQRORJLHV
 *DVERLOHUV %LRPDVVERLOHUV 6RODUFROOHFWRUV +HDWSXPSV
,QLWLDOYDOXH    &23
WDUJHWYDOXH    &23

,WLVDVVXPHGWKDWLWLVSRVVLEOHWRLQFUHDVHHIILFLHQF\IRUDOOKHDWVRXUFHWHFKQRORJLHVWLOO\HDUWKURXJKWKH
DSSOLFDWLRQRIHQHUJ\HIILFLHQF\SROLFLHV(QHUJ\HIILFLHQF\SROLFLHVLQFOXGHDOONLQGRIPHDVXUHVDWWKHKHDWVRXUFH
(IILFLHQF\YDOXHVWKDWFDQEHDFKLHYHGE\XVLQJHQHUJ\HIILFLHQF\SROLF\DUHVKRZQLQ7DEOH,WLVLGHDOFDVHVFHQDULR


)LJ3HUIRUPDQFHFXUYHIRUHIILFLHQF\LPSURYHPHQWHIILFLHQF\LQVWUXPHQW
3ROLF\ LQVWUXPHQW LV LQWHQGHG WR JUDGXDOO\ LQFUHDVH HIILFLHQF\ IURP LQLWLDO OHYHO WR OHYHO PHQWLRQHG LQ 7DEOH 
(IILFLHQF\LVLQFUHDVHGEDVHGRQSULQFLSOHLQ)LJ7KHYDOXHPHDQVWKDWHIILFLHQF\KDVLQLWLDOYDOXHEXW
PHDQVWKDWHIILFLHQF\OHYHOKDVUHDFKHGWDUJHWYDOXHIRU\HDU
7KHUHDUHGLIIHUHQWVFHQDULRVYLHZHGLQWKLVUHVHDUFK

x 6FHQDULR±EDVHVFHQDULRVLPXODWLRQZLWKRXWSROLF\
x 6FHQDULR±HIILFLHQF\LPSURYHPHQWIRUDOOWHFKQRORJLHV
x 6FHQDULR±HIILFLHQF\LPSURYHPHQWRQO\IRUUHQHZDEOHHQHUJ\WHFKQRORJLHV
x 6FHQDULR±HIILFLHQF\LPSURYHPHQWRQO\IRUELRPDVVWHFKQRORJLHV
x 6FHQDULR±HIILFLHQF\LPSURYHPHQWRQO\IRUVRODUWHFKQRORJLHV
x 6FHQDULR  ± UHGXFHG VHUYLFH OLIH IRU JDV WHFKQRORJLHV DQG HIILFLHQF\ LPSURYHPHQW IRU UHQHZDEOH HQHUJ\
WHFKQRORJLHV
5HVXOWV
&KDQJHVLQSURGXFHGHQHUJ\VKDUHDQGFKDQJHVLQKHDWWDULIIZHUHYLHZHGIRUGLIIHUHQWVFHQDULRVE\XVLQJV\VWHP
G\QDPLFPRGHOZKLFKZDVLPSOHPHQWHGZLWKSROLF\IRUHQHUJ\HIILFLHQF\LPSURYHPHQW
%\ FRPSDULQJ VFHQDULRV ZKHUH HQHUJ\ HIILFLHQF\ ZDV LPSURYHG IRU RQH UHQHZDEOH HQHUJ\ WHFKQRORJ\ IRU DOO
UHQHZDEOH WHFKQRORJLHV DQG IRU DOO WHFKQRORJLHV LQFOXGLQJ IRVVLO HQHUJ\ WHFKQRORJLHV WKHUH ZDV LQVXEVWDQWLDO
GLIIHUHQFHLQUHQHZDEOHHQHUJ\VKDUHZKHQFRPSDUHGWRVFHQDULRZLWKRXWHQHUJ\HIILFLHQF\LPSURYHPHQW)RUDOORI
WKHVHVFHQDULRVUHQHZDEOHHQHUJ\VKDUHZDVDWWKHHQGRIVLPXODWLRQLQ\HDU7KLVFDQEHH[SODLQHGE\WKH
IDFWWKDWFXUUHQWO\WKHGRPLQDQWIXHOLQ/DWYLDQGLVWULFWKHDWLQJLVQDWXUDOJDVDQGDORWRIJDVFRPEXVWLRQERLOHUVDUH
LQVWDOOHGUHFHQWO\ZKLFKPHDQVWKDWWKH\DUHQHZDQGWKH\FDQEHUHSODFHGRQO\DIWHUHQGRIWKHLUVHUYLFHOLIH,WPHDQV
WKDWDOWKRXJKELRPDVVWHFKQRORJLHVDOUHDG\DUHSURYHGWREHPRUHHFRQRPLFDOO\IHDVLEOHDQGLQDIHZ\HDUVDOVRWKH
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VRODUWHFKQRORJ\WDULIIZLOOEHPRUHIHDVLEOHWKDQWKHJDVWDULIIGXHWRJDVWHFKQRORJ\VHUYLFHOLIHLWLVLPSRVVLEOHWR
UHSODFHWKHPIDVWHUWKDQLQWKHEDVHVFHQDULR*DVWHFKQRORJLHVDUHUHSODFHGZLWKUHQHZDEOHWHFKQRORJLHVRQO\ZKHQ
WKHHQWLUHORDQLVUHSDLGDQGJDVERLOHUKDVSDLGRII7RVKRZKRZUHQHZDEOHHQHUJ\VKDUHDQGIRVVLOHQHUJ\VKDUHLV
FKDQJLQJZLWKRXW WKLVEDUULHUDQDGGLWLRQDOVFHQDULRZDVDGGHG WR WKH OLVW ,Q WKLVVFHQDULR WKH VHUYLFH OLIH IRUJDV
FRPEXVWLRQERLOHUVZDVUHGXFHGIURPWR\HDUVZKLFKLVDVVXPHGDVRSWLPDOSHULRGRIWLPHWRGHPRQVWUDWHWKH
LPSDFWVHUYLFHOLIHKDVRQJDVWHFKQRORJ\VKDUHDQGORQJHQRXJKWLPHIRURZQHUVRIWKHJDVERLOHUKRXVHVWRUHVSRQG
WRFKDQJHVLQWKHPDUNHWUHGXFHGWHFKQRORJ\FRVWVIRUUHQHZDEOHWHFKQRORJLHVDQGLQFUHDVHGSULFHIRUQDWXUDOJDV
DQGPDNHGHFLVLRQDERXWHDUOLHUVZLWFKWRUHQHZDEOHWHFKQRORJLHV5HVXOWVKRZVWKDWLQWKLVFDVHUHQHZDEOHHQHUJ\
VKDUHFDQUHDFKHYHQLQ\HDU


)LJ%LRPDVVHQHUJ\VKDUHIRUGLIIHUHQWVFHQDULRV
7KHHIILFLHQF\LQVWUXPHQWGRHVQRWDIIHFWUHQHZDEOHHQHUJ\DQGIRVVLOHQHUJ\UDWLREXWWKHVLWXDWLRQLVGLIIHUHQW
DPRQJYDULRXVUHQHZDEOHWHFKQRORJLHV%LRPDVVHQHUJ\VKDUHYDULHVIURPWRIRUGLIIHUHQWVFHQDULRVDWWKH
HQGRIWKHVLPXODWLRQ)LJDQGUHDFKHVSHDNYDOXHDWGLIIHUHQWWLPHV%DVHGRQKLJKWDULIIIRUDKHDWSXPSVWKHUH
LVDOPRVWQRFDSDFLW\LQVWDOOHGIRUWKHPLQWRWDOGLVWULFWKHDWLQJV\VWHPDQGHQHUJ\HIILFLHQF\SROLF\KDYHDOPRVWQR
LPSDFW RQ KHDW SXPS HQHUJ\ VKDUH ZKLFKPHDQV WKDW RWKHU UHQHZDEOH WHFKQRORJLHV DUH PRUH IHDVLEOH DQGPRUH
FRPSHWLWLYHWKDQKHDWSXPSV%DVHGRQWKLVIDFWWKHLPSDFWIURPWKHKHDWSXPSLVQRWWDNHQLQWRDFFRXQWZKLFKPHDQV
WKDWWKHUHDUHRQO\WZRWHFKQRORJLHV±VRODUFROOHFWRUVZLWKVHDVRQDOVWRUDJHDQGELRPDVVFRPEXVWLRQERLOHUVZKRFDQ
FRPSHWHZLWKRQHDQRWKHU
7KH ORZHVW ELRPDVV HQHUJ\ VKDUH LV LQ WKH VFHQDULRZKHUH HQHUJ\ HIILFLHQF\ LPSURYHPHQW LV XVHG WR LQFUHDVH
HIILFLHQF\RQO\IRUVRODUWHFKQRORJLHV,QWKLVFDVHELRPDVVHQHUJ\VKDUHKDVUHDFKHGDWWKHHQGRIVLPXODWLRQEXW
VRODUHQHUJ\VKDUHKDVUHDFKHG+LJKHVWELRPDVVHQHUJ\VKDUHLVLQVFHQDULRZKHUHHQHUJ\HIILFLHQF\LVLPSURYHG
RQO\IRUELRPDVVWHFKQRORJLHV,QWKLVFDVHELRPDVVHQHUJ\VKDUHKDVUHDFKHGEXWVRODUHQHUJ\VKDUHKDVGURSSHG
WRLQ\HDUEXWELRPDVVHQHUJ\VKDUHHYHQUHDFKHGDWWKHSHDNSRLQWLQ\HDU,QVFHQDULRVZKHUH
HQHUJ\HIILFLHQF\LVXVHGIRUDOOUHQHZDEOHWHFKQRORJLHVRUZKHUHHQHUJ\HIILFLHQF\KDVQRWEHHQXVHGDWDOOELRPDVV
HQHUJ\ VKDUH IDOOV LQ EHWZHHQ VFHQDULRVPHQWLRQHG EHIRUH:KHQ FRPSDULQJ DOO RI WKH VFHQDULRVZH FDQ VHH WKDW
HIILFLHQF\ LPSURYHPHQW DIIHFWV LQWHUDFWLRQ EHWZHHQ UHQHZDEOH WHFKQRORJLHV 7KH EXVLQHVV RZQHUVZRXOGZDQW WR
LQYHVWLQJLYHQWHFKQRORJ\LIHIILFLHQF\IRURQHRIWKHUHQHZDEOHHQHUJ\WHFKQRORJ\FDQEHLPSURYHGPRUHWKDQIRU
RWKHUV
,QDGGLWLRQWRHQHUJ\HIILFLHQF\VFHQDULRVDQDGGLWLRQDOVFHQDULRZLWKGHFUHDVHGVHUYLFHOLIHIRUJDVWHFKQRORJLHV
DQGHIILFLHQF\LPSURYHPHQWRQO\IRUUHQHZDEOHWHFKQRORJLHVZDVH[DPLQHG,WFDQEHVHHQWKDWLQWKLVFDVHLQLWLDOO\
WKHUHLVUDSLGLQFUHDVHLQELRPDVVHQHUJ\VKDUHEHFDXVHFXUUHQWO\ELRPDVVKHDWWDULIILVWKHPRVWIHDVLEOHDQGWKDQNVWR
UHGXFHGVHUYLFHOLIHIRUJDVWHFKQRORJLHVUHQHZDEOHWHFKQRORJLHVFDQEHLPSOHPHQWHGIDVWHUWKDQEHIRUH,Q\HDU
ELRPDVVHQHUJ\VKDUHFRXOGFOLPEXSWREHIRUHVRODUWDULIIEHFRPHVFKHDSHUDQGUHSODFHVELRPDVVWHFKQRORJLHV
$WWKHHQGRIWKHVLPXODWLRQWKHELRPDVVHQHUJ\VKDUHZLOOGURSGRZQWRDQGVRODUIUDFWLRQZLOOFOLPERYHU

$OWKRXJKWKHLPSURYHPHQWRIHIILFLHQF\FDQQRWFKDQJHUHQHZDEOHHQHUJ\¶VDQGIRVVLOHQHUJ\¶VPXWXDOUHODWLRQVLW
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FDQKDYHDQLPSDFWRQKHDWWDULIIDQGLQFUHDVLQJWKHHIILFLHQF\FRXOGEHXVHGDVDWRROWRVORZGRZQRUWRVWRSWKH
LQFUHDVHRIKHDWHQHUJ\SULFH%HVLGHVWKHLQFUHDVHRIHIILFLHQF\WKHZHLJKWHGDYHUDJHWDULIIKDVDWHQGHQF\WRULVH
)LJZKLFKFDQEHH[SODLQHGE\WKHUHODWLYHO\KLJKJDVVKDUHLQWKHWRWDOHQHUJ\PL[DQGDVOLJKWWDULIIGHFUHDVHKDV
EHHQVSRWWHGZKHQWKHUHZDVDVLJQLILFDQWUHGXFWLRQLQWKHVKDUHRIJDVHQHUJ\


)LJ+HDWWDULIIIRUGLIIHUHQWVFHQDULRV
7KH ORZHVWKHDW WDULII FDQEH DFKLHYHG LQ FDVHZKHQ WKHHIILFLHQF\ LV LQFUHDVHG IRU DOO WHFKQRORJLHV LQFOXGLQJJDV
FRPEXVWLRQSODQWV7KHPRVWVLJQLILFDQWHIIHFWRQWKHUHGXFWLRQRIWDULIILVSURYLGHGE\HIILFLHQF\LPSURYHPHQWIRUVRODU
WHFKQRORJLHVEHFDXVHLWLVSUHGLFWHGWKDWWKHVHWHFKQRORJLHVZLOOKDYHDVLJQLILFDQWUHGXFWLRQLQKHDWWDULIIZKLOHWKHKHDW
WDULIIIRUELRPDVVWHFKQRORJLHVZKLFKDWWKHPRPHQWLVHFRQRPLFDOO\IHDVLEOHLVOLNHO\WRULVHGXHWRIXHOFRVWLQFUHDVH,Q
WKHIXWXUHVRODUWHFKQRORJ\ZLOOSOD\DQLPSRUWDQWUROHWKDQNVWRLWVPRVWVLJQLILFDQWDGYDQWDJH±IUHHIXHOZKLOHIXHOFRVW
IRURWKHUWHFKQRORJLHVZLOOLQFUHDVH:KHQWDNLQJDORRNDWWKHVFHQDULRZLWKUHGXFHGVHUYLFHOLIHIRUDJDVERLOHUVLWFDQ
EHVHHQWKDWKHDWWDULIIVKDVHYHQPRUHVLJQLILFDQWGHFOLQHZKLFKFDQEHH[SODLQHGZLWKDQHYHQJUHDWHUSURSRUWLRQRIVRODU
HQHUJ\DQGVPDOOHUSURSRUWLRQRIJDVHQHUJ\LQWRWDOVKDUHZKLFKLQWKLVFDVHLQIOXHQFHVWKHZHLJKWHGWDULIIHYHQPRUH
:KHQORRNLQJDW)LJXUHLWQHHGVWREHH[SODLQHGWKDWIXWXUHLQIODWLRQSHUFHQWDJHKDVQRWEHHQWDNHQLQWRDFFRXQWLQWKH
PRGHOZKLFKPHDQVWKDWWKHLPDJHKDVRQO\LQGLFDWLYHQDWXUHVRZHFRXOGFRPSDUHGLIIHUHQWVFHQDULRV
&RQFOXVLRQ
3RVVLEOH GHYHORSPHQW VFHQDULRV LQ /DWYLDQ GLVWULFW KHDWLQJ ZHUH VWXGLHG LQ WKLV UHVHDUFK ,QFUHDVH RI HQHUJ\
HIILFLHQF\ZDVXVHGWRGHWHUPLQHKRZWKLVNLQGRISROLF\DIIHFWVUHQHZDEOHHQHUJ\VKDUH
(IILFLHQF\LPSURYHPHQWDWKHDWVRXUFHGRQRWKDYHGLUHFWLPSDFWRQIRVVLOHQHUJ\DQGUHQHZDEOHHQHUJ\UDWLREHFDXVH
WKHEDVHVFHQDULRUHYHDOVWKDWHYHQZLWKRXWHIILFLHQF\LPSURYHPHQWEDVHGRQHFRQRPLFIHDVLELOLW\JDVFRPEXVWLRQERLOHUV
DOUHDG\ DUH UHSODFHG ZLWK UHQHZDEOH WHFKQRORJLHV DV IDVW DV SRVVLEOH ,QFUHDVH RI HQHUJ\ HIILFLHQF\ IRU UHQHZDEOH
WHFKQRORJLHV LV WKH RQO\ SRVVLELOLW\ WR YDU\ UHQHZDEOH HQHUJ\ VKDUH EHWZHHQGLIIHUHQW UHQHZDEOH WHFKQRORJLHV:KLOH
LQFUHDVLQJELRPDVVWHFKQRORJ\HIILFLHQF\LWLVSRVVLEOHWRUHDFKELRPDVVVKDUHDQGVRODUHQHUJ\VKDUHKRZHYHU
E\LQFUHDVLQJVRODUHIILFLHQF\LWLVSRVVLEOHWRUHDFKELRPDVVHQHUJ\VKDUHDQGVRODUHQHUJ\VKDUHLQ\HDU
7KHGLVWULEXWLRQFKDQJHVWRELRPDVVDQGVRODUE\LQFUHDVLQJHIILFLHQF\IRUERWKWHFKQRORJLHV
0DLQEDUULHUIRUVZLWFKLQJIURPIRVVLOHQHUJ\WRUHQHZDEOHHQHUJ\LVDORWRIQHZJDVERLOHUVZKLFKZHUHLQVWDOOHG
GXULQJWKHUHFRQVWUXFWLRQDWPDQ\KHDWVRXUFHVLQWKHSDVWIHZ\HDUV7RFKDQJHWKHUDWLREHWZHHQUHQHZDEOHHQHUJ\
DQGIRVVLOHQHUJ\LQGLVWULFWKHDWLQJDQGWREULQJV\VWHPFORVHUWRDWKJHQHUDWLRQGLVWULFWKHDWLQJV\VWHPLWLVQHFHVVDU\
WRUHGXFHVHUYLFHOLIHIRUJDVFRPEXVWLRQWHFKQRORJLHV%\UHGXFLQJJDVERLOHUVHUYLFHOLIHGRZQWR\HDUVLWLVSRVVLEOH
WRUHDFKUHQHZDEOHHQHUJ\VKDUHLQGLVWULFWKHDWLQJLQ\HDU
7DNLQJLQWRDFFRXQWWKHIDFWWKDWELRPDVVIXHOFRVWZLOOFRQWLQXHWRULVHVRODUWHFKQRORJLHVZLWKVHDVRQDOVWRUDJH
KDYHEHWWHUSHUVSHFWLYHIRUWKHIXWXUH,Q\HDUVRODUWHFKQRORJLHVFRXOGEHVLJQLILFDQWO\FKHDSHUZKLFKPHDQVWKDW
ZKHQRQHQHHGVWRFKRRVHZKLFKWHFKQRORJ\WRGHYHORS±VRODUWHFKQRORJ\LVDEHWWHUFKRLFH
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